INTRODUCTION
We wish to understand the binding of different cations to a lipopolysaccharide from Escherichia coli in order to appreciate the combined effects of cations plus lipopolysaccharide in the control of phage reactions with E. coli. To this end we have been examining the binding of a wide range of cations to different organic molecules. There is already a considerable number of measurements in the literature on such complexes,-to which we add here some new data concerning the binding of metal ions to arsenazo III. This ligand has been chosen since it has a specific and unusual set of charges ( Fig. 1 ) and an absorption spectrum (Savvin, 1961) which depends on its ionization state and conformation. We can therefore inspect both binding and features of the stereochemistry of cation-ligand binding, both of which must be of importance in recognition systems such as that between a metal-lipopolysaccharide complex and a phage. The lipopolysaccharide also has a specific distribution of negative charges.
MATERIALS AND METHODS Chemicals
Arsenazo III (98 % pure) was obtained from Sigma Chemical Co., Poole, Dorset, U.K., and was used without further treatment. Other chemicals and deionized water were obtained as described by Rowatt & Williams (1985 , 1987 .
Arsenazo III was dissolved in water to give a 1 mM solution and kept at +4°C in a plastic, foil-covered, container to protect it from light. It was diluted to 50 gM in 2 mM-Tris/ I mM-acetate buffer, pH 7.4, and 0.5 ml was pipetted into plastic cuvettes of 1 cm light-path, containing the desired salt concentration in 0. (Fig. 2) . At pH 14 (1 MNaOH), the peak has shifted to 580 nm, and in 3 MNaOH it has moved to 600 nm. There are a series of acid dissociation constants in the pH range 0-7 (Budesinsky, 1963; see Fig. 1 Fig. 3 , and the ab- sorption peaks of all cation complexes, including those with the polyamines spermine and hexacyclen, are given in Table 1 [MX+I (pM) Those simple inorganic cations which give only a 1:1 complex have a dissociation. constant of between 0.05 x 106 and 2 x 10-6 M (Table 1) . Cations giving first a 1:1 and then a 2:1 complex, including Ni2l, Co2", perhaps Mg2" and hexacyclen, form weaker complexes.
DISCUSSION
These experiments extend the work of Tamm & Williams (1985) Fig. 1 , representing the sodium salt. This structure contains two possible types of 'socket' lined with Ogroups. The first socket (A, Fig. 1 Fig. 4 , it is seen that the large Ca2+ ion is just big enough to fill the cavity produced (B), binding to the six 0-groups. The angles and lengths of the bonds are not regular, and this also militates against small-cation binding. Small cations, such as Mg2+, tend to have six evenly spaced contacts in a closely regular octahedron, and readily bond directly to nitrogen, whereas Ca2+ has often as many as eight contacts of variable length and bond angle in its complexes and is less likely to bond to nitrogen (Williams, 1976) . The charges are more concentrated in the structure in Fig. 4 (the compact form) , since in Fig. I they are in pairs, i.e. the arsono groups are extended relative to those in Fig. 4 . The structure in Fig. 4 explains both the 1:1 complex and the high selectivity. The polyamines which give 1:1 complexes give absorption spectra like that of the Mg2" complex with a 610 nm peak only. They are long enough to bind to both wings of the extended molecule, but could not pack into the hole of the compact form. Spermine has higher affinity than the other polyamines, possibly because it is quadrivalent rather than tervalent. The present findings can be compared with others in the literature. The first observations concern the selectivity of Mg2" and Ca2l binding. Arsenazo III and the similar' dye chlorophosphonazo III combine strongly with Ca2", the atom fitting between the phenol hydroxy and the arsono groups. Dyes such as Eriochrome Black T and Eriochrome Blue SE, which are selective for Mg2", have azo groups ortho to the phenolic groups (see Durham & Walton, 1983) , in which the Mg2" could bind to the nitrogen as well as to the oxygen functions. They cannot give a complex comparable with that shown above for Ca2+-arsenazo III, since these reagents have no suitably placed oxyanions such as arsono groups.
Secondly, the competition between organic anions, such as spermine, and cations such as Mg2+ and Ca2+, is of great interest. This paper shows that, while Ca2+ tends to concentrate charge around itself, as exemplified by arsenazo III in the compact form, the polyamines adjust themselves to fit into the extended form. It is our belief that much competition in biological systems between inorganic cations and polyamines is based on the relative stabilities of the cations with closed and extended polyanions, e.g. differently folded RNA or DNA.
